it will then be of great interest to find these parameters for a homologous series of compounds. However, no such information for any homologous series exists in the literature.
In this paper, we report the results of our recent nonlinear refractive index measurements on the homologous compounds of p,p'-di-n-alkoxy-azoxybenzenes. The molecular structures of these compounds are shown in Table I . Also listed in the In Sec .. II, we give a brief review on the theory of optical fieldinduced refractive indices. We describe in Sec. III, the experimental arrangement and the data analysis procedure. Then, in Sec. IV, we present the experimental results and the material parameters deduced from our results. Finally, Sec. V discusses the implications of our results from the molecular structural view point.
II. THEORETICAL BACKGROUND
Liquid crystalline materials are composed of highly anisotropic molecules. Consequently, the induced dipoles on the molecules are also highly anisotropic. In the presence of intense optical field, the molecules tend to be aligned by the field via induced dipole interaction with the field. The resultant molecular ordering is then reflected by the induced optical anisotropy in the medium.
If Q is a macroscopic tensorial order parameter which describes the degree of molecular alignment, then the optical susceptibility -4-
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Xij(or any tensorial property of the medium) can be written as 3
(1) (4) The corresponding induced linear birefringence at w' is 2 (5) where n is the linear refractive index. From the usual definition of the If the intense optical field is elliptically polarized, e. g., (6) E(w)= e E + e E with e+ = (x ± iy)/12, we find from Eqs. (8) and then the field-induced refractive indices ·seen by the two circular components of the incoming elliptically polarized light are (9) The corresponding circular birefringence is on = on -on
We shall .see later that the above-mentioned induced linear and circular birefringences can be deduced from measurements of phase shifts of linear and the elliptical polarizations respectively. As seen in the above expressions, all these field-induced refractive indices and birefringences * diverge as T approaches T . This critically divergent behavior is of course characteristic of a pretransitional phenomenon. In liquid cry-* stalline materials, the first-order transition temperature TK (>T ) always
In nonlinear optics, the field induced refractive indices can be described more generally from synnnetry consideration. Comparing Eqs. (13) and (14) with the previous expressions, we find,
Owyong et al have shown that with only nuclear contribution, the third- 6 order nonlinear polarization can be written as * .
The validity of Eq. (21) however depends on whether the Landau model gives a valid description of the isotropic-nematic transition.
III. EXPERIMENTAL ARRANGEMENT AND DATA ANALYSIS
A. Sample Preparation.
Our experimental work was on seven homologous compounds of p,p'-di-n-alkoxy-azoxybenzenes. (CNHZN+lo-c 6 H 4 -N 2 0-C 6 H 4 -ocNu 2 N+lwith Nol,~,---,7).
The samples were purchased from Eastman Kodak Co. Purification of the samples was done by recrystalization from a saturated solution in various solvents (see Table II ). The recrystallized sample was then placed in an optical cell 2.5 em long and evacuated for several hours to remove atmospheric H 2 0 and 0 2 and the residual solvent. After evacuation, the sample cell was sealed under vacuum. A sample prepared this way was very homogeneous and had a sharp isotropic-nematic transition. The transition temperature was constant to within O.l°K for more than one month.
There was apparently a small amount of impurities in our samples as
evidenced by the lower transition temperatures than tnose reportea-for pure samples in the literatures. The differences were typically less than 5°K,
suggesting an impurity concentration less than 1%. It appears that * with such small impurity concentrations (TK -T ) remains nearly unchanged. The temperature-dependent pretransitional properties as a * function of (T-T) should also remain unchangedand the material parameters deduced from our experiments should be insensitive to impurity con-7 tamination.
During our optical measurements,, the sample . . cell was placed in an oven with thermal control. The sample temperature was stablized to within 0.1°K and its uniformity throughout the cell was better than 0.2°K.
B. Experimental Techniques
We obtained the orientational relaxation time T from the measure- 
For each set of rays, the ellipse rotation is
where We have also found . n and ~X(= ox 11 /Qxx) for these compounds using the wedge method of index refraction measurements 8 and the order parameters . 9
from magnetic resonance measurements.
*
Then, from Eqs. (6) and (19), we deduce thE:! parameters v, T , and a for each compound.
IV. EXPERIMENTAL RESULTS
In Figs. 2 and 3, we show, as examples, the results of our measurements of T and B respectively as functions of temperature for two p,p'-di-n-alkoxyazoxzybenzene compounds. Similar results were obtained for the other five compounds in the homologous series. In all cases, the data can be described very well by Eqs. (6) and (19). Strictly speaking, the viscoscity coefficient v in Eq. (6) is not temperature-independent. One often expresses V(T) in the form
where W is a constant. However, in our cases, because the investigation was limited to a narrow temperature range, we can approximate V(T) by V(TK). The error introduced by this approximation is less than 4%. Thus, by fitting the experimental data with the theoretical curves of Eqs. (6) * . ::> ~J ,j ,.) t'l 0 ... We have listed in Table III In our relaxation measurements, shot noise in the photonmultiplier was the main source of experimental uncertainty. Typical error of about ± 10% is represented by the error bars in Fig. 2 where each data point was the result of average over more than 4 laser shots. This uncertainty can of course be improved by using a probe beam of stronger intensity. As the relaxation time T approaches the response time of the detection system (~ 7 nsec in our case), the uncertainty would of course become larger unless the signal is properly deconvoluted.
The ellipse-rotation measurements had an accuracy better than 2% so
far as the signal S /P was concerned. However, in deducing the optical max o Kerr constant from Eq. (31), the uncertainty in the relaxation timeT came in through g(t). Together with the uncertainty ( _ ± 5%) in determing L, this led to an overall uncertainty of -± 15% iri the values of B shown in For the same 6.T = T-T , B6.T drops appreciably as N increases mainly due to a drop in 6X shown in Fig. 6 . On the
other hand, T6.T has a zig-zag behavior with increase of N. It is the result of the zig-zag behavior of v also shown in Fig. 6 .
In Fig. 5 , we notice that a regular alteration of the isotropic-* nematic transition temperatures TK and T and the latent heat 6.H occurs between homologues containing odd and even numbers of carbon atoms in the alkyl chain. For TK and 6.H, this is a common behavior for many homologous series of liquid crystalline compounds and is known to be the result of the cog-wheel arrangement of the carbon atoms along the alkyl chain. That the fictitious second-order transition temperature * T also has such a behavior is a manifestation of the weak first-order * transition characteristics of these compounds. Because of that, TK and T never differ by more than 5°K.
*
We also notice in Fig .. 5 that TK-T becomes appreciably smaller for n = 6 and 7. This seems to suggest that the longer chains on the molecules make the transition closer to second order presumably due to the stronger waggling motion of the end segment and the falling off of the terminal interaction.
•. were, we would find log V(TK) versus TK to be a straight line'from which we could deduce V and W. As shown in Fig. 8 , this is certainly not 0 the case for the PAA homolgues.
The op'tical anistropy 6.X in Fig. 6 shows a fairly smooth decrease with increase of the chain length. In fact, on the microscopic scale, the molecular polarizability anisotropy !J.o. actually increases with the increase 8 of chain length as one would expect intuitively.
The fact that 6.x behaves differently from 6.o. is because of the molar volume effect. The medium with longer chain molecules has a lower molecular density. Its effect on 6.x turns out to be larger than the incremental effect of 6.o. on 6.X due to addition of methylene group on the chain. 
. ' deduced from the experiment for the first seven p,p'-di-n-alkoxy-azoxybenzene homologues.
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Plot of log v versus TK showing that the experimental data do not fall on a straight line. .. --------- ..
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